The oxidation of secondary effluent with ozone and O 3 /H 2 O 2 (peroxone) was evaluated in batch experiments as pre-treatment for soil aquifer treatment for non-potable reuse purposes. The addition of hydrogen peroxide improved the reduction of ozone-resistant compounds with an optimized radical formation at 0.5 mol H 2 O 2 /mol O 3 . However, the improvement of radical formation was shown to be limited to approximately 30-40% independent from ozone dosage. Also a preozonation step did not accelerate efficiency of subsequent peroxone treatment. Thus, other treatment options, such as an increase of ozone dosages, need to be considered for more efficient removal of ozoneresistant compounds. However, the peroxone process might still be a promising option for oxidation of bromide containing effluents, since a reduction of bromate formation can allow the application of higher ozone dosages.
INTRODUCTION
Ozone is an electrophilic oxidant which selectively reacts with compounds containing electron-rich moieties, such as amines, activated aromatic rings (e.g., phenols), sulphur-containing compounds and olefins (von Sonntag & von Gunten ) . Thus, reaction rates of organic compounds with ozone are highly variable. For the transformation of compounds with low reactivity (i.e., ozone-resistant compounds), the indirect reaction via OH-radicals plays an important role. These highly reactive and nonselective radicals can be formed from the reaction of ozone in aqueous solution. The formation of hydroxyl radicals from the hydroxide ion is described in reactions 1-5 (Merenyi et al. a, b) . Experiments were repeated in three different sampling events (see Table 1 ively. In order to set up a complete mass balance to calculate ozone consumption, all off-gas ozone was stripped with pure oxygen.
Analytical methods
Temperature and pH were measured directly after experiments using a WTW 357 pH meter (WTW, Germany).
Samples for analysis of bulk parameters were filtered through a 0.45 μm cellulose nitrate filter (Sartorius, Germany Table 2 . 50 μg/L of 2,4-di-CBA was added prior to analysis as internal standard. 
RESULTS

Characterization of ozonation
Ozone depletion
Previous studies revealed a very fast depletion of ozone during ozonation of secondary effluents (Buffle et al. 
Removal of TrOCs
Removal of TrOCs by ozone in different experiments
(without peroxide addition) is compared in Figure 1 . Leitner & Roshani (2010) .
The results confirm that the specific ozone consumption 
Formation of OH-radicals
In this study, OH-radical exposures are calculated from relative residual concentrations of all five ozone-resistant compounds using second order rate kinetics (Reaction (9)) and shown as average values. The OH-radical exposure is a simple parameter to characterize the oxidation of a type of water as it includes initiation, promotion and scavenging capacity of the water matrix. Results from ozonation experiments without peroxide addition are shown in Figure 2 . 
OH-radical formation
To characterize the formation of OH-radicals in different experiments, a new parameter, the transformation efficiency of ozone to OH-radicals (T OH ), was adapted from Schumacher (). The T OH is calculated by relating the OHradical exposure to the specific ozone consumption Z spec .
Results ).
